negatively impact on our assessment of the conceptual advance presented by your study. However, we request that you contact the editor as soon as possible upon publication of any related work, to discuss how to proceed.
Thank you for the opportunity to consider your work for publication. I look forward to your revision.
Yours sincerely,
Editor
The EMBO Journal _____ REFEREE REPORTS:
Referee #1 (Remarks to the Author):
This ms. describes two crystal structures of the AddAB helicase/nuclease bound to a ss/ds DNA junction at moderate resolution. These structures are important in their own right, but also as a comparison o the E. coli RecBCD-DNA structues previously determined by the Wigley group. As expected from Wigley and Dillingham, the quality of the work, as well as the comparative discussion concerning RecBCD are excellent. The demonstration that the dead helicase motifs within the AddB subunit are responsible for Chi site recognition is a very important component of this paper and the comparison to RecC is important. The important similarities and differences between AddAB and RecBC(D) are clearly discussed and the implications highlighted. This was a delight to read. I have only minor comments concerning the ms.
Based on the Materials and Methods information, the AddAB-DNA structure was determined in the absence of divalent cations. Since the ability of RecBCD to melt out 5-6 bp at the end of a blunt end DNA is dependent upon Mg and or Ca, is it not possible that the reason that AddAB does not melt out the DNA further is due to the absence of these divalent cations? page 9, line 2. The authors should also cite Farah & Smith (1997) JMB since they were the first to demonstrate that RecBCD can melt out 4-6 bp upon binding a blunt DNA duplex end. page 14, line 5: Although this statement concerning speculation about a chi-dependent conformational change is interesting, there is no information provided. This should either be dropped or expanded. page 15, line 4: The authors should mention that Wong et al. (2006) JMB also showed a likely pathway for ssDNA extrusion between the RecB and RecC subunits that may represent another similarity between AddAB and RecBC(D) Referee #2 (Remarks to the Author):
In the study of Kayarat Saikrishnan et al. the structure of the AddAB-helicase-nuclease from B. subtilis in complex with DNA is described. The AddAB protein is required for processing doublestrand DNA breaks for repair by homologous recombination. Overall this is a very interesting new structure and warrants publication in the EMBO journal. However, several issues should be addressed prior to publication. -Overall the paper could have been written more carefully guiding the reader more readily through the interesting results. For example it takes the reader quite some time to learn that the structure of AddAB from B. subtilis was solved. The authors also write that extensive protein-protein interactions can be observed in the AddAB complex. It would help to quantify these interactions rather than leaving the reader in the dark how "extensive" the interactions are. -On page 7 the authors suggest: These observations raise the possibility that the AddB protein might bind, but not hydrolyse, NTP at the interface of the "helicase-like" core domains. Interestingly, the 2.8 ≈ structure shows electron density in this putative nucleotide binding pocket that we interpret as a bound sulphate ion ( Figure 2E )." It would be helpful to show the electron density.
-On page 11 the authors suggest that a loop close to the iron-sulfur cluster may be involved in prising apart the duplex and suggest that this could be similar in the iron-sulfur cluster containing helicase XPD. Which loop do they refer to in XPD and why do the authors omit the references to the different XPD structures? -The argument that the mutants behave in a similar way to the wild-type protein and bind dsDNA is relatively weak. Did the authors try something like CD spectroscopy to verify that the mutants adopt the same fold as the wildtype protein? -The sentence on page 13: "Interestingly, residues equivalent to Q42 and T44 in motif Ia as well as W73 (just outside motif Ib) appear to be common to both AddAB and its functional analogue E. coli RecBCD, which recognizes a different Chi sequence (personal communication, S.C. Kowalczykowski)." Is unclear to me. Which Chi sequence do the authors refer to? The Chi sequence for E. coli is known and mentioned in the introduction.
-On page 14 the authors combine a personal communication with data not shown. How should the reader follow their arguments with this kind of information? (Finally, in RecBCD, recognition of Chi is thought to cause a conformational change triggered by the unlatching of a nearby ionic interaction between a helix in the 2A core domain and the 1B accessory domain of RecC (personal communication, S.C. Kowalczykowski). A similar mechanism appears to be conserved in AddB (data not shown).) This should either be omitted or explained more explicitly.
-The authors suggest on page 15 that a growing ssDNA loop is formed which could be accommodated in an exit channel for the 3' strand. This hypothesis should be easily testable by blocking this channel with bigger residues. Has this been attempted? -In the Discussion on page 16 the authors mention future experiments in which it should be tested if NTP binding allosterically controls Chi recognition. Presumably the authors want to solve different structures in the presence of nucleotides but it would be helpful to include the information from a previous publication (Yeeles et al 2010) where the authors showed already that the AddB NTP binding site is necessary to stabilize the complex formed between AddAB and Chi.
-The Figures could be easily improved to support the written part of the manuscript. All figures should have a color scheme which relates them to each other. Figure 1 could be colored in the colors as in Figure 2 with one monomer being slightly darker or lighter than the other to differentiate them from each other (same for Figures 3B and 3C ). Residues in Figure 2 could be labeled. Two arrows pointing towards the 3' and the 5' channel in Figure 3A should be included. Figure 4A would benefit from arrows pointing the reader to the areas that are discussed in the text. Supplementary Figure 1 should include the information which of the protein residues are part of which helicase motifs. Supplementary Figure 5 should include one more detailed view of the iron sulfur cluster and its surrounding.
Referee #3 (Remarks to the Author):
Saikrishnan et al describe the structure of the AddAB helicase-nuclease machine for the processing of double strand breaks in bacteria and provide insights on the molecular mechanism of Chi site recognition for this enzyme. AddAB is functionally equivalent to RecBCD. This is the first reported structure of the whole complex, which has been crystallised with a DNA substrate. The work reports a number of very significant new insights, including path of DNA through the complex, the role of the FeS cluster domain in DNA binding and the mechanism of Chi site recognition by a modified helicase domain. Overall this is a very welcome and important addition to the helicase field. The paper is generally well written and presented. The authors should consider the following points in revision: a) The nuclease domains are of the RecB superfamily and are metal ion dependent. Can any density corresponding to a bound metal be visualised in the active sites? b) Page 7. B. subtilis AddB has a glycine following the Walker B box aspartate, and can't be catalytic for ATP hydrolysis. Is this a conserved residue in other AddB's? Please comment c) Figure 3A , showing the internal channels in the structure, seems out of place in the paper and is not discussed until later. The first mention of figure 3 on page 8, to illustrate the point that the two proteins are wrapped around one another, seems better illustrated by figure 1 than figure 3. Please consider re-ordering the figures. d) On page 14, the authors report unpublished data on the Chi-directed changes in RecBCD, then state that a similar mechanism appears to be conserved in AddB (data not shown). There is very little to go on here -what is actually meant by this statement? Does this relate to the switch to DNA looping discussed later? Please clarify. e) Page 17 paragraph 2. When discussing the role of the FeS cluster in AddAB and XPD, it is important to make clear where one is referring to the FeS cluster domain or associated structure rather than the cluster itself. The inference here that the FeS cluster acts as a pin for strand separation should be clarified. f) A possible loop exit site is mentioned on page 15. It would be helpful to show the position of this site in the structure, either in one of the figures or in supplementary data.
Minor points: a) Abstract. "The structure identifies" -rephrase to "allows the identification of " or similar. b) Page 5 line 4. CRISPR systems are prokaryotic rather than bacterial. c) Page 11 line 10. Please clarify "the tip of two helices". d) Page 11 line 14. Correct "a conserved residues" e) Page 11 line 15. Correct "active site for cleaving" f) Page 11 line 17. As drawn in figure 4B , the structure suggests that K1116 does contact the phosphodiester backbone. Is the word "might" here intentional? g) Page 15 bottom. Rephrase "designed as a ssDNA motor" please! h) Figure 3 legend. Is "interior ribbons" meant?
Response to Reviewer 1
Overall, this reviewer was very complimentary but did raise a few issues.
1) Based on the Materials and Methods information, the AddAB-DNA structure was determined in the absence of divalent cations. Since the ability of RecBCD to melt out 5-6 bp at the end of a blunt end DNA is dependent upon Mg and or Ca, is it not possible that the reason that AddAB does not melt out the DNA further is due to the absence of these divalent cations?
This is a valid point and is now noted in the text. (pg 9, line 7)
2) page 9, line 2. The authors should also cite Farah & Smith (1997) JMB since they were the first to demonstrate that RecBCD can melt out 4-6 bp upon binding a blunt DNA duplex end.
The missing citation has been added. (pg 9 line 5)
3) page 14, line 5: Although this statement concerning speculation about a chi-dependent conformational change is interesting, there is no information provided. This should either be dropped or expanded. This is related to similar comments from Reviewers 2 and 3, and is addressed in the response to Reviewer 2, points 6/7 (below).
4) page 15, line 4: The authors should mention that Wong et al. (2006) JMB also showed a likely pathway for ssDNA extrusion between the RecB and RecC subunits that may represent another similarity between AddAB and RecBC(D)
The missing citation has been added. (pg 15, line 17)
Response to Reviewer 2
This reviewer is also favourable overall but raises a number of more substantive queries which we address as follows: 1) Overall the paper could have been written more carefully guiding the reader more readily through the interesting results. For example it takes the reader quite some time to learn that the structure of AddAB from B. subtilis was solved. The authors also write that extensive protein-protein interactions can be observed in the AddAB complex. It would help to quantify these interactions rather than leaving the reader in the dark how "extensive" the interactions are.
We now state at the end of the Introduction that the complex is from B.subtilis (pg 5, line 8). More detailed quantitative information regarding the buried surface area at the contact regions between the subunits is now included in the text. (pg 8, line 4) 2) On page 7 the authors suggest: These observations raise the possibility that the AddB protein might bind, but not hydrolyse, NTP at the interface of the "helicase-like" core domains. Interestingly, the 2.8 angstrom structure shows electron density in this putative nucleotide binding pocket that we interpret as a bound sulphate ion ( Figure 2E) ." It would be helpful to show the electron density.
A figure showing the electron density is now included as Supplementary Figure 8 .
3) On page 11 the authors suggest that a loop close to the iron-sulfur cluster may be involved in prising apart the duplex and suggest that this could be similar in the iron-sulfur cluster containing helicase XPD. Which loop do they refer to in XPD and why do the authors omit the references to the different XPD structures?
In XPD and related helicases, the helicase core domain 1A contains a unique iron-sulphur cluster that appears to be appropriately positioned to act as a "pin": a common feature of helicases that acts as a steric wedge to prise apart the duplex during translocation. Direct evidence in support of this view was provided not by the crystal structures (which do not contain bound DNA), but by a reference which was already cited (Pugh et al., 2008). As requested, we now include additional citations to the crystal structure papers and to a very recent paper that provides further support for the idea that the Fe-S cluster acts as a pin (Pugh et al., 2011). (pg 12, line 4)
4) The argument that the mutants behave in a similar way to the wild-type protein and bind dsDNA is relatively weak. Did the authors try something like CD spectroscopy to verify that the mutants adopt the same fold as the wild type protein?
We disagree. In fact, we already provide a great deal of biochemical data in the Supplementary Information to show that the mutant proteins retain many activities (including direct DNA end binding assays and a quantitative analysis of the processing of DNA lacking Chi sequences). Our data show that all of the mutant proteins retain approximately wild type levels of DNA end binding, helicase and nuclease activities and are specifically (and in some cases almost completely) defective in their ability to respond to Chi sequences. The measures of biochemical activity we provide constitute far more stringent evidence for correctly folded proteins than measurements such as CD which would only provide information about the overall secondary structure. Indeed, we have shown previously that mutants of AddAB lacking the Fe-S cluster have significant structural defects but that these problems are not detected by CD (Yeeles et al., 2009) .
5) The sentence on page 13: "Interestingly, residues equivalent to Q42 and T44 in motif Ia as well as W73 (just outside motif Ib) appear to be common to both AddAB and its functional analogue E. coli RecBCD, which recognizes a different Chi sequence (personal communication, S.C. Kowalczykowski)." Is unclear to me. Which Chi sequence do the authors refer to? The Chi sequence for E. coli is known and mentioned in the introduction.
We understand why the reviewer was confused here. The positioning of the "personal communication" at the very end of this long sentence gave the impression that it referred to the nature of the Chi sequence (which is of course known), as opposed to the equivalence of mutations in AddB and RecC that cause Chi recognition defects (which is what was meant). We have moved the reference to the personal communication so that it is now clear what is meant (pg 13, line 23).
6) On page 14 the authors combine a personal communication with data not shown. How should the reader follow their arguments with this kind of information? (Finally, in RecBCD, recognition of
Chi is thought to cause a conformational change triggered by the unlatching of a nearby ionic interaction between a helix in the 2A core domain and the 1B accessory domain of RecC (personal communication, S.C. Kowalczykowski). A similar mechanism appears to be conserved in AddB (data not shown).) This should either be omitted or explained more explicitly.
We accept this comment, which is similar to others made by Reviewers 1 and 2, and related to comment 7 (immediately below). The confusion here is due to us not wanting to compromise (or preempt) publication of data from Steve Kowalczykowski's lab that has been submitted simultaneously for publication elsewhere. For the same reason, we accept that our discussion of the possible post-Chi exit channel was also rather opaque (see point 7 below). Kowalczykowski's laboratory has uncovered an interesting "ionic latch" mechanism in RecBCD for triggering conformational changes in response to Chi recognition that open an alternative post-Chi exit channel. Our structure suggests that the same mechanism is in-play in the AddAB-type enzymes because an equivalent latch structure is present that also lines an alternative exit channel. In AddAB, just as in RecBCD, an ionic interaction holds the latch in place and is completely conserved. To address the referee's point as well as point seven, we have introduced a substantial new supplementary figure 7 showing the latch structure in more detail. Furthermore, we have performed some additional site directed mutagenesis experiments on the latch which show that "unlocking" of the latch results in increased Chi recognition as would be expected based on this type of model (the data is presented in the new Supplementary Figure 7 and the main text modified on page 14 line 13 accordingly).
7) The authors suggest on page 15 that a growing ssDNA loop is formed which could be accommodated in an exit channel for the 3' strand. This hypothesis should be easily testable by blocking this channel with bigger residues. Has this been attempted?
We have not performed the precise experiment suggested by the reviewer. Based on our inspection of the structure we suspect that any bulky mutation in the alternative exit channel would detrimentally affect both the pre-Chi and post-Chi modified form of AddAB and so the results would likely be complex and/or equivocal. However, we have instead performed a related experiment which is in the same spirit as that suggested, and we present the results as part of a substantial new supplementary figure. Unlocking of the "ionic latch" that lines the putative alternative exit channel increases the efficiency of Chi recognition. This is consistent with a model in which Chi-recognition promotes opening of the alternative exit channel by unlocking the ionic latch structure. This is now fully explained in the new supplementary figure 7 and accompanying legend with some changes to the main text to direct the reader to the new information (pg 14, line 13 and pg 15, line 8). As acknowledged in the text, confirmation that the putative alternative exit channel is used following Chi recognition will ultimately require a crystal structure of the Chi-modified form of AddAB (or RecBCD) which we regard as well beyond the scope of the current study.
8) In the Discussion on page 16 the authors mention future experiments in which it should be tested if NTP binding allosterically controls Chi recognition. Presumably the authors want to solve different structures in the presence of nucleotides but it would be helpful to include the information from a previous publication (Yeeles et al 2010) where the authors showed already that the AddB NTP binding site is necessary to stabilize the complex formed between AddAB and Chi.
We do not understand the reviewer's point here. The work of Yeeles et al. 2010 was already referred to in the sentence immediately preceding that section (pg 16, line 22) and specifically states that mutation of the Walker A motif destabilises Chi binding. Perhaps the reviewer mistook the reference to be to Yeeles & Dillingham, 2010? Figure 2 with one monomer being slightly darker or lighter than the other to differentiate them from each other (same for Figures 3B and 3C ). Residues in Figure 2 could be labeled. Two arrows pointing towards the 3' and the 5' channel in Figure 3A should be included. Figure 4A would benefit from arrows pointing the reader to the areas that are discussed in the text. Supplementary Figure 1 should include the information which of the protein residues are part of which helicase motifs. Supplementary Figure 5 should include one more detailed view of the iron sulfur cluster and its surrounding. Figure 3A (now Figure 3C ) has been modified as suggested. Figure 4 has been labelled to make it clear which parts of the overall structure are being shown as suggested. Supplementary Figures 1 and  5 have been modified as requested. We have not altered the colour scheme of Figures 1 and 2 as we do not agree that they would be clearer with the alterations that are proposed. We tried adding labels for the amino acids shown in Figure 2 but this resulted in a jumbled figure in which it became difficult to make out the actual structure. We believe that the listing of the amino acids in the legend (as in the original submission) is the best possible presentation for this complex figure.
9) The Figures could be easily improved to support the written part of the manuscript. All figures should have a color scheme which relates them to each other. Figure 1 could be colored in the colors as in

Response to Reviewer 3
Again the reviewer is favourable but raises a few points:
1) The nuclease domains are of the RecB superfamily and are metal ion dependent. Can any density corresponding to a bound metal be visualised in the active sites?
We don't have metal ions in the crystallisation conditions and we don't detect any bound metal ions in the structure.
2) Page 7. B. subtilis AddB has a glycine following the Walker B box aspartate, and can't be catalytic for ATP hydrolysis. Is this a conserved residue in other AddB's? Please comment
The Supplementary Figure 6 already addresses this point. This residue is always a glycine or alanine in RecC. In AddB this residue is always a glycine, except in a specialised niche in the genus Clostridium, where it is a glutamate that might act as a catalytic base for ATP hydrolysis. However, this issue is confused because one has to distinguish AddB sequences from the closely related AdnA protein which is probably a bona fide ATPase. Indeed, there is a possibility that there is a spectrum of ATPase activities from null in RecC/AddB through to significant with AdnA. However, without preparing AddAB complexes from a variety of different species and testing their ATPase activities, it is hard to predict from sequence alone.
3) Figure 3A , showing the internal channels in the structure, seems out of place in the paper and is not discussed until later. The first mention of figure 3 on page 8, to illustrate the point that the two proteins are wrapped around one another, seems better illustrated by figure 1 than figure 3 . Please consider re-ordering the figures.
The first mention of Figure 3 illustrates the similarity to RecBC as well as the "intricate embrace" and is therefore appropriate in this position. Nevertheless, in the light of this comment we have modified the revised manuscript by swapping Figures 3A and 3C . This improves the fit between the text and the order of the figures without compromising on the necessity of placing certain figures (ie those in Figure 3 ) next to each other for direct comparison. 4) On page 14, the authors report unpublished data on the Chi-directed changes in RecBCD, then state that a similar mechanism appears to be conserved in AddB (data not shown). There is very little to go on here -what is actually meant by this statement? Does this relate to the switch to DNA looping discussed later? Please clarify. This is related to points raised by Reviewers 1 and 2 and is dealt with above (Reviewer 2 points 6 and 7) 5) Page 17 paragraph 2. When discussing the role of the FeS cluster in AddAB and XPD, it is important to make clear where one is referring to the FeS cluster domain or associated structure rather than the cluster itself. The inference here that the FeS cluster acts as a pin for strand separation should be clarified.
We accept this point and have made appropriate alterations to the text in that section including a reference to a new review on the role of Fe-S clusters in nucleic acid processing enzymes (White and Dillingham, 2011) and to a new paper on the role of the 
